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Outline 

•  Italian ASI-INFN Joint Lab on laser 
retroreflector and ranging 

•  Lunar Laser Retroreflectors (LSITP, ESA) 
•  Asteroid (Didymos/Hera) and Comets 
•  Phobos and Deimos 
•  Prospects 
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Satellite/Lunar Laser Ranging (SLR/LLR)

LLR
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Accurate Time of Flight (ToF)               
of short laser pulses, timed by 
accurate ground atomic clocks

Right: LLR during lunar eclipse of  
July 28, 2018 from ASI-Matera
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Lunar laser 
stations: 

APOLLO (USA), 
Grasse (France), 
Matera (Italy) 
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Earthrise (NASA, 50 years later) 
Earthshine (Leonardo da Vinci, 500 years later) 

Earthrise: 1968, Apollo 8 (left) vs. 2018, LRO (middle) 

Earthshine: first explained by Leonardo da Vinci in the 1500s (right) 

April 2019 is the 500th anniversary of Leonardo’s death  

Courtesy of Abhijit Juvekar 



ASI – Matera 
Laser Ranging 
Observatory

ASI – INFN– Ministry Foreign Affairs 
collaboration with USA partners: 

NASA, Universities, USGS,       
NOAA-NIC, USA space industries

!

Moon
U. Maryland, 
U. San Diego, 

Industries, 
NASA-
SSERVI

Earth 
Observation

USGS, NOAA

Mars, Moon; 
Europa?

NASA-JPL

LAGEOS
NASA-
GSFC

!

ASI–INFN Joint Lab on Laser Retroreflectors & Ranging

Comet/asteroid
NASA-
SSERVI

Galileo,
GNSS

Phobos/Deimos
NASA-SSERVI



Joint Lab INFN-Frascati with ASI-Matera 
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Sistemi Avanzati Laser per Applicazioni Spaziali:
Attività Congiunte presso INFN-LNF

WP 1000
Management

WP 2000
INFN-LNF Operations

WP 2100
SCF_Lab Internal Special 

Facility

WP 2200
SCF_Lab2 Internal Special 

Facility

WP 2300
Project of Future Range 

Corrections

WP 3000 
Advanced Laser Payloads 

and Systems

WP 3100
Moon, Cislunar Space and 

LOP-DSG

WP 3200
Mars System

WP 3300
Galileo and EGNOS

WP 3400
Earth Observation & 

Space Geodesy

WP 3500
Studies for New 
Applications and 

Destinations

WP 4000
Testing of Gravity in the 

Solar System

WP 5000
Theories of Gravity for 

the Solar System

WP 1100 ASI
GESTIONE E 

COORDINAMENTO (ASI)

Work Breakdown Structure 
 

Contract 2019-2024 
 

Kick-off:  August 9, 2019
 



Next-Generation single, big retroreflectors
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Next-Gen (4” optics), micro (8 × ½” optics) 

Microreflector ~5 cm, 25 gr
(for Ceres Robotics minirover, 

Michael Sims PI) 
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3”model



Lunar exploration & science assets 

•  Big, single laser retroreflector observed from Earth 
-  Italy/US: MoonLIGHT = Moon Laser Instrumentation 

for General relativity High accuracy Tests 

•  Miniaturized retroreflector observed from orbiters 
-  microreflectors suited for landing-roving investigations 

on the Moon, Mars (& other airless solar system bodies) 
•  Orbital, positioning SW 

-  PEP (Planetary Ephemeris Program) for Moon/Mars 
positioning: developed since 1960/70s at the Harvard 
Smithsonia Center for Astrophysics (CfA), by Shapiro, 
Reasenberg, Chandler (now at UCSD, with T. Murphy) 
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Lunar Laser Ranging and Selenodesy 
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•  LLR provided the best data for the deep interior of the moon. 
Complementary to the analysis of NASA GRAIL and other 
orbiter missions, which measure from the crust down  
!  In 1998, analysis of the LLR data discovered and measured the size,   

shape and dissipation of the liquid core of the Moon (Williams et al) 
!  Confirmed by re-analysis of Apollo Seismometry (Weber et al 2011) 

•  Next-Gen reflectors will increase/improve this consolidated 
synergism for better understanding the lunar interior 
!  By allowing for more accurate data, from more stations of the 

International Laser Ranging Service (ILRS, part of IAG) 

•  Lunar Geophysical Network (LGN): 
!  Core instruments: seismometer, heat flow probe, retroreflector, ... 
!  Single/large retroreflectors ‘baselined’ for >10 years  
!  Proposal for 4-stations/lander LGN to NASA NF-5 (C. Neal PI) 
!  ESA: start with single geophysical nodes & missions of opportunity 



Improvements of space segment up to ×100 with 
MoonLIGHTs plus current LGN of Apollo/Lunokhods

LLR test of General Relativity with PEP

Science measurement / Precision test        
of violation of General Relativity

Apollo/Lunokhod * 
few cm accuracy

MoonLIGHTs **         
mm        sub-mm

Parameterized Post-Newtonian (PPN) β |β-1| < 1.1×10-4 10-5 10-6

Weak Equivalence Principle (WEP) |Δa/a| < 1.4×10-13 10-14 10-15

Strong Equivalence Principle (SEP) |η| < 4.4×10-4 3×10-5 3×10-6

Time Variation of Gravitational Constant |Ġ/G| < 9×10-13yr-1 5×10-14 5×10-15

Inverse Square Law (ISL) - Yukawa |α| < 3×10-11 10-12 10-13

Geodetic Precession |Kgp| < 6.4×10-3 6.4×10-4 6.4×10-5

*       J. G. Williams et al. PRL 93, 261101 (2004)
**    M. Martini and S. Dell’Agnello, R. Peron et al. (eds.),
     DOI 10.1007/978-3-319-20224-2_5,  Springer Intern. Publishing, Switzerland (2016)
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July 2, 2019: Next-Gen Lunar Reflector  
selected by NASA for LSITP 

MoonLIGHT-2 Preventivi 2020Dell'Agnello/INFN, Bianco/ASI et al 13

PI = D. Currie of U. of Maryland
Co-PI group = SD & INFN

“... target for lasers on Earth to 
precisely measure the Earth-Moon 
distance ... and address questions 

of fundamental physics.”



Retroreflectors developed for GLXP - TeamIndus 
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•  Qualifications (even RBF) at end of 2017 
•  Big reflector of 3 inch (pictured, ~500 gr) instead of 4 inch 

(~1.3 kg), due to GLXP weight and cost limitations 
•  Exclusive FOVs to Earth and to lunar orbit  
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To Earth

To lunar 
orbit



Laser Retroreflector for Lunar Lagrangian L1 
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•  L1 closer than Moon surface 
•  Therefore GLXP big reflectors of 3 inch (left photo) very well suited 
•  Mars/Moon microreflector well suited for s/c tracking and docking  
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3”~ 75mm optical diameter. 
Payload mass  ~ 500 kg.
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http://exploration.esa.int/moon/61371-esa-strategy-for-science-at-the-moon/ 



May 2019: big reflector selected by ESA 
for lunar mission of opportunity in 2021 

ESA-INFN contract for reflector with accurate active Earth pointing!! 

MoonLIGHT-2 Preventivi 2020Dell'Agnello/INFN, Bianco/ASI et al 17



ESA Strategy for Science on the Moon  
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ESA Strategy for Science on the Moon  
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Return to the Moon: prospects 

•  Passive, 50-year lifetime, laser retroreflector-based 
    Lunar Geophysical Networks (LGN) 

–  NASA LSITP: single big lunar reflector with fixed pointing 
–  ESA selection: single big lunar reflector with active pointing 
–  Microreflector (nano & pico versions also available) 
–  Future LGN proposal for New Frontiers (C. Neal PI) 

•  Lunar surface geodesy and deep lunar interior 
•  Accurate test of General Relativity (and beyond) 
•  Georeference exploration (landing site, roving) & ISRU 
•  Lunar commerce: L1, LOP-G, surface ... (ISRU) 
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Courtesy of I. Carnelli (ESA) 
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Courtesy of I. Carnelli (ESA) 
AIDA: DART (NASA), Hera (ESA) 



Laser microreflectors for Didymos 
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Hera: proposed ESA mission (~2023)
DART (Double Asteroid Redirect Test), approved NASA mission
ASI-INFN laser microreflectors support observations by Lidar on Hera:

•  Micro/nano/pico-reflectors on two 6U CubeSats released by Hera
     (microreflector on MASCOT mini-lander?)
•  COSPHERA
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Laser Microreflector for Asteroids/Comets 
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COSPHERA = COmet/asteroid SPHErical micro-Reflector Array
Passive, very small/light, omnidirectional, lifetime of decades

HERITAGE: NASA InSight, ESA/ASI ExoMars

Laser tracking supports retrieval, redirection (ion deflection, LAP ...), laser-guide ...

Prototype: 18 ½” microreflectors, < 100 gr, ~5 cm size
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Laser positioning of Didymoon 

Dell'Agnello(INFN)-Bianco(ASI)

Lidar on Hera
MASCOT by DLR

COSPHERA by INFN

•  Mars microreflector on MASCOT-2
!  Weight < 2 × 10-3 of MASCOT-2 mass

•  COSPHERA, landed/dropped separately

Laser Reflectors - NESF 23/Jul/19

Mars Microreflector 

COSPHERA MASCOT 

(COSPHERA size no to scale) 
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Next-generation nano/pico-reflectors
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Didymos        Mars/Moon



nano-reflector (left), pico-reflector (right) 
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•  PANDORA: Phobos ANd DeimOs laser Retroreflector Array 
•  Reconstruct Phobos-Deimos orbits " Focus of orbit is the 

Mars center of mass " Test of General Relativity at 1.5 AU 
from Sun 

–  PPN γ (spacetime curvature) 
–  PPN β (strong equivalence principle) 
–  Gdot/G (gravitational constant) 

•  PEP (Planetary Ephemeris Program) orbital SW 

Phobos/Deimos surface reflectors 
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•  PANDORA designed/built/tested for observation by Mars orbiters 
•  Subgroups of reflectors with custom specs, to ensure laser return at 
     varying distances 
     and velocities of 
     the orbiter  

•  Mission opportunity: Mars Moon eXplorer (MMX) of JAXA,    
with the collaboration of NASA and DLR 

•  PANDORA installed on landers/rovers 
#  Additional option: COSPHERA directly released on Phobos/Deimos 

Phobos/Deimos surface reflectors 
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E. Law’s group (JPL) and B. Day (SSERVI) 
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E. Law’s group (JPL) and B. Day (SSERVI) 
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ASI – Matera 
Laser Ranging 
Observatory

ASI – INFN– Ministry Foreign Affairs 
collaboration with USA partners: 

NASA, Universities, USGS,       
NOAA-NIC, USA space industries

!

Moon
U. Maryland, 
U. San Diego, 

Industries, 
NASA-
SSERVI

Earth 
Observation

USGS, NOAA

Mars, Moon; 
Europa?

NASA-JPL

LAGEOS
NASA-
GSFC

!
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Comet/asteroid
NASA-
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Galileo,
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NASA-SSERVI


